Objective: To investigate the use of data from national quality registries (NQRs) in local quality improvement as well as purported key factors for effective clinical use in Sweden.
Introduction
Healthcare quality registries serve to monitor quality of care and to provide feedback on health outcomes. Thus, they may serve as platforms for local interventions to improve of quality of care as well as being platforms for epidemiological research. Although registries are common components in studies of improved health outcomes, there are few studies that have isolated the impact of registries on quality of care, e.g. on process or outcome measures [1] .
Sweden has made substantial policy efforts and allocated substantial financial resources to develop a system of national healthcare quality registries (NQRs) and may inspire NQR development in other countries [2] . For example, the Swedish NQRs collaborate with European countries, USA and Australia to define, standardize and harmonize variables [3] . Currently, there are 96 NQRs and 12 NQR candidates and about three quarters include more than 80% of eligible patients in the country [2, 4] .
A recent review of all Swedish NQRs concluded that clinical data available in NQRs provide an important resource for research and for the assessment and development of quality of care [4] . However, although the NQRs' usefulness in research is recognized (with an increase in research publications by 383% from 2009 to 2015 [3] ), data concerning how and to what extent NQR data are used in continuous quality improvement at the local clinical level is scarce. Research has generally focused on topics such as coverage levels and data validation [5, 6] , but in order for these registries to serve as platforms for local interventions to improve of quality of care, it is not enough that data are fed into the registry [7, 8] and fed back to providers and professionals in a systematic way [9, 10] . Registry data also need to be analysed, communicated among staff, and used for the identification of improvement initiatives to be carried out and evaluated [9, 11, 12] . For this to occur, data must be of high quality, organizational conditions favourable and the user motivation high [9] . It is not clear whether these conditions are fulfilled at the clinical level today. Thus, the aim of this study was to investigate, at the clinical level, the use of NQR data in local quality improvement as well as purported key factors for effective use. To capture a potential variation, surveys were sent to three registries representing each of the Swedish certification levels indicating how well-developed each registry is regarding data validation, patient coverage, research use, established target levels, etc.
[13]: The Swedish Stroke Register (Riksstroke), the Swedish Registry of Gallstone Surgery and Endoscopic Retrograde Cholangiopancreatography (GallRiks), and the Swedish National Lung Cancer Registry (NLCR).
Certification of national quality registries
All Swedish NQRs are categorized according to certification level by the Office of National Quality Registries (acting on behalf of the national government and a national body (SALAR) representing the 21 regions/county councils that fund and deliver healthcare), to indicate how well-developed each registry is, and its assumed usability for research and clinical improvement. The certification system aims to support faster development of NQRs, and along with registry size and complexity, the certification level is an important criterion for national funding. The most developed registries are at certification level 1, and meet nine criteria: e.g. variables link to evidence-based clinical guidelines, data feed national benchmark reports, improved healthcare results are presented and data are validated. Certification level 2 is justified by high coverage and that the registry offers online presentation and feedback, identifies important indicators and areas in need of improvement, as well as the data being used for research. Level 3 registries represent a capability to collect data, and a strategy for the analysis and feedback of data [13] .
Key information on the NQRs included in the study (at the time of the data collection) is presented in Table 1 .
Methods

Design
This study had a comparative descriptive design [14] constituting the second phase of a larger research project of exploratory sequential design [15] .
Survey content and development
The survey consisted of 50 items on the NQR: data quality, resources and other contextual factors, and use of data for quality improvement. Prior to the survey, a thorough validation process took place [11] .
Sample and procedure
A web survey was designed in LimeSurvey, version 1.90+ and distributed via email to all 71 hospital clinics reporting to Riksstroke (August 2014), to all 70 hospital clinics reporting to GallRiks, and to the 32 hospitals that confirmed that they report to the NLCR (September 2014).
For each of the registries, the survey was sent to 3-6 key respondents at each hospital, with reminders after 2, 3 and 4 weeks, followed by a final reminder to those who had not yet replied. Key respondents were those in charge of collecting, reporting and managing their registry's local data. Their email addresses were identified mainly through the clinics and the NQRs' central organizations. In order to provide for comparability among the registries, the present study was based on a subset consisting of responses from the heads of the clinics and the physicians, while responses from nurses and medical secretaries (who were mainly engaged in Riksstroke and GallRiks) were excluded from analyses. This subset includes 71 respondents from Riksstroke (51%), 78 from GallRiks (57%) and 31 from the NLCR (41%).
Prior to the study, approval from the regional ethical review board in Uppsala, Sweden, was obtained (2013/181).
Variables and data analysis
Two indices measuring the use of NQR data (individual and hospital unit level) and five indices relating to purported key factors for NQR use (Table 2) were identified based on theoretical assumptions from the field of quality improvement and implementation, previous Likert scale, five alternatives: strongly disagree, disagree, neither agree nor disagree, agree, strongly agree
Data quality and usefulness The data index on quality and usefulness measures the extent to which registry data: 1. is considered to be of high quality, 2. captures the essential aspects of care quality, 3. is a useful tool to identify improvement areas, 4. enables reliable, internal comparisons over time and 5. enables reliable, external comparisons.
″
Organizational conditions Resources
The resource index measures the respondents' perception of whether the local unit has sufficient resources to: 1. deliver high quality care, 2. enter complete registry data, 3. analyse registry data and 4. carry out improvement efforts based on registry data.
″
Management request for registry data The index on management request for registry data measures the extent to which local registry data are requested by: 1. the manager the respondent reports directly to, 2. department managers, 3. the hospital's board of directors and 4. the region board.
Management involvement in registrybased quality improvement
The index on management involvement in registry-based quality improvement measures whether the manager the respondent reports directly to 1. supports and 2. initiates quality improvement efforts based on registry data.
″
Support from outer setting The index on support from outer setting measures the extent to which respondents perceive that they receive the registryrelated support they request from: 1. the hospital, 2. the region management and from 3. the regional competence centre (where several registries share the costs for staff and systems that a single registry could not bear).
Single items Original statement in the survey
Co-workers request for registry data Our results in the registry are called for by the department's members of staff.
″
Support from unit I get the support I ask for from my own department [to work with data from the registry].
Individual motivation I am motivated to improve the care we provide as a response to our results in the registry.
Overall opinion of gain I consider the gain from participating in the registry to motivate the resources the unit spends on work related to the registry.
″ studies on NQRs, and factor analysis of the data [11] . Cronbach's alpha for the Likert scales ranged between 0.77 and 0.884. Four additional items did not load into any factor, but were nevertheless identified as important [e.g. 11 and 16], and are reported as single items. Given the debate regarding the suitability of parametric and non-parametric tests for Likert scales and Likert items we report both. Significant differences in mean scores between registries were identified using a one-way ANOVA test, followed by Bonferroni corrected t-tests, in addition to Kruskall-Wallis H tests. The difference between the ANOVA and the Kruskal-Wallis results were negligible and the correspondence between the tests for significance at the 0.05 level was 100% (Tables 3 and 4) .
Findings
Individual and unit's use of registry data in local quality improvement
Concerning individual use of registry data, the Riksstroke respondents scored significantly higher ( ̅ x 17.97 out of 24) than GallRiks and NLCR respondents ( ̅ x 15.59 and 15.00, respectively) (Table 3) . For example, 85% of the Riksstroke respondents answered that they sometimes or often communicate registry data, 84% said that they sometimes or often suggest improvement efforts based on the unit's registry results, and 73% reported that they sometimes or often participate in such efforts. The same figures for GallRiks were 68, 62 and 67%, and for NLCR 70, 66 and 77% (for all percentage distributions of individual as well as unit's use, see Supplementary file 1).
Concerning the unit's use of registry data, the highest index score was found for Riksstroke ( ̅ x 27.06 out of 35). GallRiks ( ̅ x 22.83) and NLCR ( ̅ x 21.29) scored significantly lower. For example, 73% of Riksstroke respondents agreed or strongly agreed that the unit uses registry indicators in the activity plan, compared to 39 and 45% of GallRiks and NLCR respondents, respectively. Furthermore, 85% of Riksstroke respondents agreed or strongly agreed that their unit uses registry data to identify improvement opportunities and 79% that the units also carry out such improvement efforts. The same figures for GallRiks were 47 and 49%, and for NLCR 41 and 52%.
Results become even more pronounced when examining individuals answering that they often used the registry, and who strongly agreed to the statements about their unit's use. For example, 44% of Riksstroke respondents answered that they often communicate registry data (GallRiks 20%; NLCR 3%), 34% strongly agreed that their unit uses data to identify improvement efforts, and 24% strongly agreed that these improvement efforts are carried out. The corresponding proportions for GallRiks were 12 and 15%, and for NLCR were 10 and 10%. Figure 1 shows a histogram of answers from the lowest to the highest index value. To facilitate visual comparisons, the two indices were normalized from 0 to 1; with the y-axis representing number of respondents. A comparison of Riksstroke and GallRiks (with similar number of respondents), shows that the variation in the extent of unit's use was greater in GallRiks than Riksstroke as the interquartile range (IQR) as well as the variance was larger for GallRiks compared to Riksstroke. A larger share of the GallRiks respondents also reported that they never or seldom use the registry, or disagreed with the statements about their unit's use.
Data quality and usefulness in quality improvement
The respondents perceived data quality to be rather high, in particular for Riksstroke ( ̅ x 19.86 out of 25) and GallRiks ( ̅ x 19.89) ( Table 4 ). The NLCR scored significantly lower ( ̅ x 17.16).
Organizational conditions for use of registry data in local quality improvement
Concerning resource index scores there were no significant differences between Riksstroke and GallRiks ( ̅ x 12.90 and ̅ x 13.28 out of 20). The NLCR, however, scored significantly lower ( ̅ x 10.32). Management request for registry data was most pronounced in Riksstroke ( ̅ x 15.17 out of 20) with significantly higher scores than GallRiks ( ̅ x 11.58) and NLCR ( ̅ x 12.63), whose respondents reported similar levels of interest from managers at the clinic, as well as at the hospital and regional level. In comparison, when asked whether the unit's co-workers request local registry data, moderate levels of interest from fellow staff members were reported, with no significant differences among the registries. Furthermore, managers from Riksstroke and GallRiks supported and initiated, i.e. were involved in registry-based quality improvement roughly to the same extent ( ̅ x 6.6 out of 10, ̅ x 6.0). The least involved were managers in lung cancer care ( ̅ x 5.2). There were no significant differences among the registries in the reported level of support from the outer setting, i.e. from the hospital, region management and regional competence centres (several registries share the costs for staff and systems that a single registry could not bear, e.g. in technical operations, analytical work). Riksstroke respondents, however, perceived a significantly higher level of support from their own unit or department compared to the NLCR respondents ( ̅ x 3.83 out of 5 compared to ̅ x 3.27).
Individual motivation and gain from participating in the registry
Respondents were asked to what extent they became motivated to improve their unit's quality of care because of the unit's registry results. Riksstroke scores ( ̅ x 4.11 out of 5) were significantly higher than GallRiks ( ̅ x 3.71) and the NLCR ( ̅ x 3.37), and indicated that in average the Riksstroke respondents agreed or fully agreed with the statement that they become motivated by the unit's registry outcomes to improve care quality. Finally, the respondents were asked if the gain they perceived from participating in the registry motivates the resources the unit spends on work related to the registry. There were no significant differences between Riksstroke ( ̅ x 3.56 out of 5) and GallRiks ( ̅ x 3.66); mean scores indicating that respondents were neutral or agreed with the statement. The NLCR, however, scored significantly lower ( ̅ x 2.90).
Discussion
It has previously been established that clinical managers perceive NQRs as useful or very useful for quality improvement [2] . The extent of registry use has, however, so far been unknown. In this study, we found significant differences among NQRs in the use of data in local quality improvement with Riksstroke respondents reporting a more extensive use, by both individuals and units. For example, 73% of the Riksstroke respondents agreed their unit used NQR data in activity plans that direct the unit's work, suggesting that the registry is structurally integrated into the management system. At least in Riksstroke, the use of registry data in local quality improvement seems more prevalent and routinized than previously assumed.
In relation to factors that may impact the use of registries in quality improvement, Riksstroke and GallRiks data were perceived to be of higher quality and more useful, and resources for registrybased quality improvement more adequate. Whether perceptions of resource inadequacy reflect actual differences in resource levels is unclear, though innovations are more likely to be routinized if there is dedicated funding [16] . Riksstroke and GallRiks respondents' perceptions of gain from participating in the registry in relation to the resources spent were also significantly higher. This indicates that the relative advantage of using a registry, i.e. an unambiguous advantage in either effectiveness or cost-effectiveness, was the least pronounced in the NLCR [16] . In addition, Riksstroke respondents were significantly more motivated by their unit's registry outcomes to improve the quality of care. Motivation as well as capacity and competence of individual practitioners have previously been linked to successful routinization of an innovation in an organization [17] .
The extent to which local registry data were requested by managers at the departmental, hospital, and regional board levels was significantly higher for Riksstroke compared to GallRiks and NLCR, and management involvement in registry-based quality improvement was significantly higher for Riksstroke and GallRiks. This may indicate that Riksstroke has managed to build more functional inter-organizational networks and communication channels, and may also reflect that Riksstroke was established 8 years earlier than the NLCR and 11 years before GallRiks. These results are likely also a reflection on the scope of the registry. Riksstroke covers a somatic disease that in itself accounts for the highest number of hospital days in Sweden. Thus, one can expect higher-level management to regularly monitor outcomes of stroke care. Drawing on the literature, local use of NQR data could be expected to increase further with engagement of the top and middle management [16] .
In this study, the extent of data use in quality improvement, and higher levels of factors purported as important for such use, co-varied with the registries' certification level. However, certification levels only tell a part of the story. Registries that cover diseases, populations or interventions, and that are based on short-term or long-term outcome measures may have varying potential to impact quality of care [1] . Furthermore, as clinical process indicators have several advantages over outcome indicators in quality improvement [18] , the registry's indicators or variables may affect its potential. Riksstroke and the NLCR are disease or condition registries that largely use process Table 4 Factors potentially influencing the use of registry data in local quality improvement: mean scores for the three NQRs Note: */** significant at 5%/1% level (Std. error of mean; IQR). For the four single items we performed a dichotomization, mapping strongly disagree, disagree, neither agree nor disagree into 0 and agree and strongly agree into 1. Then a Bonferoni corrected Chi-2-test for proportions was performed. The only difference compared with the t-test is that there is no longer a significant difference between Riksstroke and NLCR for Overall opinion of gain (P = 0.053). All other results stay constant.
measures linked to clinical guidelines and target levels. These types of registries are well suited for local quality improvement. GallRiks is an intervention or procedure registry, a type generally considered less suitable for local quality improvement. However, if such registries include e.g. complications, process variables and short-term measures-which GallRiks does-their usefulness for quality improvement increases [19] . Hence, the three studied NQRs should be useful for quality improvement, although the literature cannot guide us to predict their exact potential. Generally, it is difficult to isolate the impact of registries on quality of care [18] , that is to establish that the registry stimulates quality improvement processes that lead to improved processes or outcomes [1, 20] . There are examples from Australia and the United States where registries have been found important for improving health outcomes [21] [22] [23] [24] . However, since registries are often adapted to the local context and/or complemented with additional elements, few studies can detect the registries' impact on health, and they are more often used to measure outcomes of specific interventions [9] . This suggests that the effect of NQRs cannot be fully understood without taking the local context into consideration. Increased use of NQRs in healthcare quality improvement was one of the goals of a national investment of over 167 million Euros in NQRs between 2012 and 2016. The investment focused on improving data quality and coverage levels (compare [25] ). This may be reflected in this study's high index scores for data quality and usefulness. Factors potentially influencing the local use of registry data in quality improvement (e.g. staffing levels and local improvement competence) were however not affected by the national investment [19] . Rather, the administrative burden associated with the participation in NQRs remains a core challenge to the effectiveness of the registry system and is one limitation of NQRs compared to registries in e.g. the US, where automated data capture is sometimes an advantage [2] . There has been considerable progress, however, and in 2016, 21 NQRs had integrated the electronic patient record and the registry [3] . Furthermore, there is an increasing awareness of the importance of intra-organizational collaboration between clinicians, hospital and region management, and the regional competence centres for the NQRs to become structurally integrated in quality improvement [2, 26, 27] . A new national NQR system will be in place from 2018: a system where the regions will be responsible for integrating NQRs in improvement work and monitoring at the clinical level [28] .
Limitations
The main limitation of the study is that only one NQR from each certification level was investigated. This limits the generalizability of results regarding certification levels, which need further investigation. Furthermore, the study did not investigate whether the reported levels of data use for local quality improvement in the separate registries correlate with actual outcomes in the NQRs, e.g. the share of stroke victims that are ADL-dependent three months after stroke [29] . To investigate such relationships is the next step for us to better understand the role of NQRs in quality improvement and improved quality of care.
Most often, surveys to physicians only achieve a response rate of 50-60% [30] , which was the case for two of the studied NQRs: Riksstroke (51%) and GallRiks (57%). The response rate for the NLCR was lower (41%), and those results must therefore be interpreted with caution, and preferably surveyed again in the coming years. In all three of the NQRs, it is likely that those more in favour of registries and more engaged in quality improvement were also more likely to replying to the survey. Thus, the extent of registry use may be lower than in our estimates.
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